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This study was conducted to determine the occurrence of zinc and copper resistance in 27 methicillin-resistant Staphylococcus aureus (MRSA) from swine and veal calves in a 28 global strain collection. 29
The test population consisted of 476 porcine MRSA isolates from ten European 30 countries, 18 porcine MRSA isolates from Canada and seven MRSA from China, 92 31
MRSA and 60 methicillin-susceptible S. aureus (MSSA) isolates from veal calves in the 32
Netherlands and 88 porcine MSSA isolates from four European countries. Most porcine 33 MRSA (n=454) and all bovine MRSA belonged to clonal complex (CC) 398 whereas 37 34 of the pig MRSA from Europe and the seven Chinese isolates belonged to other CCs 35 and 3 isolates were not classified into a CC. 36
All isolates were tested for susceptibility to zinc chloride and copper sulphate using 37 agar dilution and tested by PCR for the czrC gene encoding zinc resistance. 38
Phenotypic zinc resistance (MIC>2mM) was observed in 74% (n=324) and 42% (n=39) 39 of European MRSA CC398 from pigs and veal calves respectively, and in 44% of the 40 Canadian isolates (n=8), but not among the Chinese isolates. Almost all (99%) zinc-41 resistant MRSA carried czrC. Of the 37 European non-CC398 MRSA, 62% were 42 resistant to zinc, but only 46% of them carried czrC,. The MICs of the MSSA isolates to 43 zinc chloride ranged from 1 to 4 mM and none carried czrC. The MICs of copper 44 sulphate were neither associated with methicillin resistance nor with the detection of 45
czrC. 46
This study showed that zinc resistance and the czrC gene is widespread among 47 CC398 MRSA isolates. This suggests that the use of zinc in feed might have 48 contributed to the emergence of MRSA. 
Statistical analysis 127
The association between the zinc susceptibility/resistance phenotype, PCR screening 128 and methicillin resistance was investigated by statistical analysis of the data in 129 contingency tables using Fisher´s exact test. Agreement between susceptibility testing 130 results and PCR detection of the czrC gene was investigated using the Kappa test 131 (Thrusfield, 2010) . 132
133

RESULTS
134
Metal susceptibility testing 135
A total of 73% (N=348/476) of the MRSA from swine in Europe were resistant to zinc 136 chloride at MICs of >2mM. A prevalence of 74% (n= 324) of zinc resistance was 137 observed among MRSA isolates of CC398 of pig origin and 42% (n=39) among those 138 originating from veal calves in Europe. All porcine MSSA were found to be susceptible 139 to zinc chloride and only two of the bovine MSSA showed an MIC of 4mM (Table 1 and  140   Table 2 , respectively). 141
Twenty percent (N=94/476) of the MRSA isolates from pigs and 21% (N=19/92) of the 142 MRSA isolates from veal calves were resistant to copper sulphate at MICs>12mM. 143
Among the MSSA isolates 66% (N=58/88) from pig origin were resistant to copperA c c e p t e d M a n u s c r i p t sulphate whereas only 3% (N=2/60) of the MSSA from veal calves were found resistant 145 to copper sulphate at MICs> 12mM (Tables 4 and 5) . 146
PCR screening 148
The PCR results correlated significantly with the results obtained by MIC determination 149 since 95% of the zinc-resistant pig isolates and 97% of the zinc-resistant veal calf 150 isolates were found to carry czrC (agreement 96.1%, Kappa coefficient 0.91) whereas 151 only 0.6% (n= 3) of the isolates were found positive for czrC but found phenotypically 152 susceptible (MIC= 2mM). Among the 37 European non-CC 398 MRSA pig isolates 62% 153 (n= 24) of the isolates were resistant to zinc chloride, but only 46% (n=11) of these 154 isolates were positive for czrC, suggesting the presence of other resistance 155
determinants. The czrC gene was associated to SCCmec cassette in all 55 isolates 156
were SCCmec typing was performed, whereas among 34 czrC negative isolates tested 157 most carried either type V or type IV SCCmec elements (n=18 and n=14) and only one 158 each carried type II and type III SCCmec. Among the non-European isolates, 159 phenotypic zinc resistance associated with the gene czrC and SCCmec type V was 160 observed in 44% (n=8) of the 18 Canadian isolates, but neither phenotypic zinc 161 resistance nor the czrC gene were detected among the seven ST9 Chinese MRSA 162 isolates (Tables 1, 2 
and 3). 163
By country, the prevalences of czrC varied between 35% and 92% among MRSA 164 CC398 from pigs and from 0% to 50% in non-CC398 MRSA isolates (Table 3) . A 165 prevalence of czrC of 41% was observed among MRSA CC398 isolates from veal 166 calves (Table 2) . None of the MSSA isolates tested carried the czrC gene and the (Table 4) . 172 173 174
DISCUSSION 175
The factors related to the emergence of the MRSA subpopulations from the previously 176 adapted MSSA clones remains to be explained. In our previous study it was observed 177 that most MRSA CC398 strains isolated from pigs in Denmark had a high prevalence of 178 zinc resistance and harboured SCCmec type V (74%), whereas the corresponding 179 
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